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The impact of land use change and farming management on soil organic carbon (SOC) and soil inorganic carbon
(SIC), particularly pedogenic carbonates (PC), was assessed in a semi-humid region of China. The SOC and SIC
content and stocks were measured, and δ13C values were used to calculate the percentage of PC and lithogenic
carbonates (LC) in the total SIC. Over the 39-year period, organic fertilizers at high and low rates (OFH and
OFL), mineral fertilizers (MF), and a control site without fertilizers (CK) showed an increase of PC compared to
a natural fallow plot (F). The main pathway of SIC accumulation was the neoformation of pedo-atmogenic car-
bonates contributing to C sequestration of at least 0.38, 0.27, 0.23, and 0.12 Mg C ha−1 yr−1 for the OFH, OFL,
MF, and CK treatments, respectively. The LC stock remained similar in all treatments except for the CK, where
LCwas signiﬁcantly lower than all of the other treatments which suggested dissolution. An increase in OC stocks
in response to organic fertilization was not limited to the surface soil, but it continued down the soil proﬁle to a
depth of 160 cm. Themaximum potential for neoformation of PC depends on Ca2+ andMg2+ availability; in this
study these cations were provided by irrigation water. However, organic and mineral fertilizers modify this po-
tential. Without organic and mineral fertilization, the PC formed at the expense of dissolution and re-
precipitation of LC, evenwhen substantial quantities of Ca2+ andMg2+were present in the soil. Our experimen-
tal results indicate that the neoformation of PC should be considered during estimation of soil carbon stocks and
sequestration for the development of optimal fertilization, irrigation and land use practices.13
© 2015 Elsevier B.V. All rights reserved.
1. Introduction
Atmospheric CO2 concentrations have increased by 31% since the
1750s due to the combustion of fossil fuel and land use changes. This
has necessitated the identiﬁcation of mitigation strategies in response to
global warming and climate change (Lal, 2004). Agricultural land oc-
cupies 37% of the earth's land surface and it is believed that agriculture
could offset, at full biophysical potential, about 20% of the total annual
CO2 emissions (Smith et al., 2008). The impact of agricultural manage-
ment on soil organic carbon (SOC) is relatively well known. However,
the effect on soil inorganic carbon (SIC), which is another potentially im-
portant carbon (C) sequestration mechanism, to date has been poorly
studied (Lal and Kimble, 2000), especially in soils under semi-humid
climate. SIC sequestration involves the transfer of atmospheric CO2
into the soil C pool through the formation of secondary carbonates
(Lal, 2007). The turnover time of SIC is much longer (85,000 years,
Schlesinger, 1985) than that of SOC (200–1200 years, Trumbore, 2000).
The global SIC pool is estimated to be about two-thirds of the SOC pool
to a depth of 1m (Eswaran et al., 2000). As carbonate precipitation occurs
at depths as deep as 2 to 3 m, the contribution of SIC to global C stocks is
greater when deeper soil proﬁles are evaluated (Díaz-Hernández et al.,
2003). Carbonates can be classiﬁed as primary or lithogenic (mainly
from the parent material) or secondary/pedogenic (newly developed as
a result of dissolution and recrystallization of primary carbonates and
other soil forming processes) (Kuzyakov et al., 2006). The depth of pedo-
genic carbonate formation increaseswith increasingmean annual precip-
itation, with shallow formations in arid climates and deep formations in
semi-arid and sub-humid climates (Gocke et al., 2012; Lal, 2007).
Flows of inorganic carbon in thebiosphere have three dominant pro-
cesses: weathering of silicateminerals (Sommer et al., 2006), carbonate
dissolution, and pedogenic carbonate formation (Sanderman, 2012).
The ﬁrst two processes are very slow-acting on geologic time scales,
and they have limited C sequestration potential in agro-ecosystems.
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